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COMPLETE SPECIFICATION 
Chemically Reacting Gases with Liquids 



We, Unilever Limited, a Company 
registered under the laws of Great Britain, 
of Port SunKgJit, in the Comity of Ghester^ 
Eng-Jand^ do hereby declare the inventionj for 
5 which we J>ray tiiat a patent may be gpcanted 
to 13S, and the method by which it is to 
be perfonned> Jto be particulaxly described in 
aad by the following statement: — 

This invention relates to processes ai^ ap- 
10 paratus for diemioally reacting a gas with a 
liqmd. 

In many reactions between gases and 
liquids, sudh in dilorinatica, sidlphation 
and sulphonauon processes, the acdon between 

15 the gas and the liquid phases is effective 
when die gas and Uqmd molecules are 
brought into intimtate contact, and' the exo- 
thermic heat generated, or the endothermic 
heat required, is removed from or added to 

20 the mixxuxe of reactaats to control ti^ rate 
of reaction or to bring it to completion. It is 
with processes of this kind that the present 
invention is concemed. 

According to dhe invention there is pro- 

25 vided a process for chemically reacting a gas 
with a liquid, which process comprises: feed- 
ing the ^quid reactant on to one surface of 
a rapidly rotating disc cf a heat-conductive 
Q^terial so that the liquid leactant is spread 

30 across that suiface in a fast moving thin film 
by centrifugafl forces ari^ng from the motion 
in^xartcd to the liquid reactant by the fric- 
tional 4irag of the disc; exposing the liquid 
fihn to the gaseous reactant to cause the gas 

35 and the liquid to react with oae another; 
and, as tlhe film fiotws across the disc of 
heat-conductive materia removing the exo- 
thermic heat of xeaction from, or supplying 
the endodieamic heat of reaction tc^ the liquid 

40 film throagh the disc of the heat-conducrive 
material. 

Such a process has the advantage that it 
provides not only a very short residence time, 
a very thin film of iiqmd reactant, and 



despite the t&inness of this film, a remark- 
ably high throughput of commercial signifi- 
cance, but also minimises back-mixing of the 
reaction product with unreacted materia!, thus 
helping the reaction to go to completion and 
reducing the opportunity for mwanted sub- 
sequent reactions to occur. Moreover, as the 
fast moving thin film is caused to expand 
radially as it progresses across the stuface of 
the disc, the liquid at the gas-liquid interface 
is continually replaced so that the concentra- 
tion of molecules of reaction product at the 
interface is dispersed immediately and furtftier 
liquid reactant molecules are presented at the 
inteifaoe for reaction; with the gas. 

The invention also provides apparatus for 
chemicalTiy reacting a gas with la. liquid, which 
comprises a rotatable disc of a heat-conductive 
material, means for feeding a liquid reactant 
to the surface of one side of the disc and 
adjiaccnt to its centre, so that when the disc 
is rotated the liquid reactant is spread across 
that surface in a fast moving thin film by 
centrifugal forces arising from the motion 
imparted to the Kquid reactant by the fric- 
tlonal drag of tfhe disc; means'for feeding a 
gaseous reactant to the space adjacent to 
the surface of the disc on which the liquid 
film is formed for exposure of the liquid 
fito to the gaseous reactant, heat transfer 
means for removing heat from or supplying 
heat to the surface cf the opposite side of 
the disc, and means for collecdng the reaction 
product from the periphery of the disc. 

In order to make the most effective use 
of the frictional drag forces, the surfaces of 
the rotatable disc shotild be substantially 
planar. The disc in use can, for example, 
be rotated at 1540 revolutions per minute. 
The material of construction of the rotatable 
disc should be one of good thermal conduc- 
tivity, for example mild steel, alirnilniimi, 
copper or silver, and those components in 
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contact with xeactants should be of corrosion 
resistant material. 

Preferably the liquid reactant is fed on 
to» the disc over the whole of an area of 
5 the surface of the disc surroundia^ the centre 
of the disc so that the most efficient use is 
made of the disc surface, and the means for 
(feeding the Giquid reactant to the disc is 
arranged accordingly. The way in wlhidi the 
10 liquid is fed on to the rotating disc will 
influence the properties of the film formed 
land the performance of the apparatus. The 
liquid can advantiigeously be fed on to the 
disc in an even manner by providing a feed 
15 box at the end cf the liquid feed pipe, such 
that a circular orifice, centred on the axis 
K^L the dlscy is produced between the feed 
box and the disc surface. The liquid reactant 
•is conveniently fed on to the disc through a 
20 passage in a stationary sja-Tt arranged co- 
axially with the rotating disc. 

Preferably the flow of gaseous reactant is 
concurrent with the flow cf liquid reactant, 
but countercurrent flow can be employed in 
25 circumstances where there is advantage or no 
disadvantiage in allowing fre^ gas to contact 
Riquid reactant containing a large proportion 
cf reaction product, and it is desired to help 
the reaction to go to completion. The gaseous 
30 reactant can if desired be under superatmo- 
spheric pressure or reduced pressure: it can 
be fed through a passage in a stationary shaft 
arranged cc-axiaUy with the rotating disc, 
preferably also one whidi carries the liquid 
35 reactant feed in a separate passage. Its velo- 
city of entry should not be so great as to 
strip the liquid film off the rotating disc. 
Tho gaseous reactant can stdtably be exposed 
to the film of liquid reactant in a chamher 
40 defined by the rotating disc and a casing 
attached to the perimeter of the disc, the 
casing being rocatably mounted on the 
stationary shaft. 

A stationary disc is preferably provided 
45 paralM to and slitjhtly displaced from, the 
rotating disc, so as to confine the path cf 
the gaseous reactant to the surface of the 
film cf liquid reictant, the gaseous reactant 
being fed evenly into lihe space between the 
50 two discs, preferably at a point adjacent to 
the liquid *feed. The presence cf the stationary 
disc not only ensures flow of gas parallel 
to the liquid on the rotating disc surface, 
but also increases turbulence in the gas at 
55 the gas/liquid interlace, and thus improv^-s 
the mass transfer performance between the gas 
and liquid. 

In some instances heating of the rotating 
disc surface oppoate that on which the Qiquid 
60 reactant flows can be by me!ans of radiation 
or convecdon type heating> and cooling can 
be by means air or other gases, but the 
ex:otihermic heat of reaction is preferably re- 
moved ifrom, or the endothermic heat of re- 
65 action supplied to, the liquid fihn by causing 



a film of a heat transfer liquid to flow across 
the surface of the side of the rotating disc 
opposite that across which the liquid reactant 
flows, the heat transfer liquid flowing across 
the disc surface by centrifugal forces arising 70 
from the motion impar-ted to it by the fric- 
tional drag of the disc. Advantageously such 
heat transfer liquid is fed on to tlhe opposite 
side of the disc over the whole of an area 
of that surface surrounding the centre of the 75 
disc. When considering provision of rapid 
heat exchange with the reactant liquid it is 
not merely sufficient to obtam good heat 
transfer between the reacting liquid and the 
heat-conductive material, and an equallly good 80 
heat exchange performance betivcen the heat 
transfer liqm'd and iJhe heat-oonductive 
material is necessary. A pfaiticular advantage 
of carrying out the process using a film of 
liqtrid heat transfer material as described 85 
above is that the heat exchanije advantages 
obtained by using a. highly turbulent thin 
liquid film are achieved on both sides of 
the heat-conducdve material. 

Accordingly in apparatus of the invention 90 
the heat transfer means preferably comprises 
means 'for feeding a heat transfer liquid to 
the surface of the opposite side of the rotat- 
able disc and adjacent to its centre, so ifcat 
when this disc is rotated the heat transfer 95 
■liquid is spread across that surface in a fast 
moving thin film by c^ntrifugall forces arising 
from ^e motion imparted to the heat transfer 
liquid by the frictional drag of the disc, and 
the means for feeding the heat transfer liquid 100 
to the rotatable disc is preferably arranged 
for the feeding of liquid over the whole 
of an area cf the surface Of the disc surround- 
ing 't3ie centre of the disc. 

The reaction product can be collected from 105 
the periphery of the disc, for instance by a 
dip pipe, and preferably from an aimular 
channel at the periphery cf the disc by a 
pipe whose inlet is within the channel, and 
made to flow through a passage in a stationary 110 
shaft arranged co-axially with the rotating 
disc which carries other passages ifhrough 
which the gaseous and liquid reactants are 
fed to the disc. A separate gas outllet from 
the reactor can be provided sudi as by a 115 
separate channel in the stationary shaft. This 
prevents further reaction between gas arid 
liquid from occurring after leaving the rotat- 
ing disc. This arrangement will normally only 
be used when a stationary disc as described 120 
above is employed, as a stationary disc would 
then prevent the gas escaping from the re- 
actor before it contacted the liquid film. The 
stationary disc can contain channels leading 
at one end to the periphery of the disc and 125 
ooimecting at the other end with the discharge 
channel through the stationary shaft, the whole 
being designed so that the reaction product 
is removed from the periphery of ifce disc 
through tliesc channels rather than through a 130 
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dip pipe. This arrangement provides a more 
even removal of Ciqmd and reduces the width 
of the casing required. 

Depending on the rate of reaction and the 
heat of reaction the liquid rcfactant can be 
passed through two or more units of apparatus 
of tihe invention in series. Fresh gaseous re- 
actant can be -fed to each unit or the gas 
can pass through the series of units. Different 
•liquid temperatures can be adopted in the 
separate units, for instance to minimise side 
reactions. 

A process of the invention is particularly 
advantageous for carrying out sulphonaiion 
or sulphation reactions in which sulphur tri- 
oxide or a mixture of sulphur trioxide and 
air or an inert gas is reacted with organic 
compounds^ for example, hydrocarbons or 
fatty alcohols. 

Examples of hydrocarbons that can be 
sulphonated usin;^ die process of tihe invention 
are the aromatic and aliphatic-aromatic 
hydrocarbons, e^ecially those allgdlbenzenes 
which on sulphontation give rise to products 
having suxiface-active properties. Examples of 
aliphatic-aromatic hydrocarbons are tfie alkyl- 
ated benzenes having 9 — 18 carbon atoms in 
the alkyl group. Other sulphonation reactions 
that can be carried out are those for sulphon- 
ating Q — Qs fatty acids to give alpiha sulpho- 
fatty acids. 

Fatty allcohols which are readily sulphated 
in accordance with a process of the invention 
are, for example, the straight chain alcohols 
containing 8 — 20, preferably 12 — 18, carbon 
atoms. Ethylene o^ide derivatives such as the 
alkylphenol-ethylene oxide condensates, for 
example, containing 9 — 12 carbon atoms in 
the alkyl group, or edhylene oxide derivatives 
of — Qo fatty alcohols, can also be 
sulphated using a process of ^e present 
invention. 

ExampBes of other reactions between gases 
and liquids in which a process of the inven- 
tion dan be applied are the chlorinarion of 
alkali for the produaion of hypochlorite, the 
hydrogenation of edible oils, and the produc- 
tion of amides by reaaing ammonia with 
fatty acids. 

The :gaseous reactant can be tihe vapour of 
a material which is liquid under normal 
atmospheric pressure or tanperature. The 
hquid reactant can be a material which is 
normally a solid but which has been liquefied 
by heating or obtained in liquid form by 
dissodution in a suitable solvent. IVIixtuies of 
gases or mixtures of liquid reactants can also 
be used. 

An embodimait of the invention will now 
'be described with reference to the accom- 
panying drawing. 

Referring to the drawing, a disc 1 of heat- 
conductive material is joined at its periphery 
to a casing 2 mounted on a bearing housing 
3 which rotates on bearings 4, 5 moimted 



on a Jhoilow stationary shaft 6. Between the 
casing 2 and the shaft 6 is arranged a scaling 
gland 7. 

In the shaft 6 are accommodated two steel 
tubes 8, 9 providing inlet passa;ges 10, 11 70 
and an outlet passage 12. Tube 9 terminates 
in port 13, the free edge /14 of which is 
spaced by a narrow gap 15 from the suitface 
16 of disc 1. Passage 10 communicates through 
port 17 at the end of tube S with a space 75 

18 between the disc surface 16 and casing 
2. Passage 12 between shaft 6 land tube 8 is 
in communication with the inlet of a pipe 

19 which extends downwards through space 

18 to an annular dhannel 20 defined by the 80 
periphery of disc 1 and casing 2. 

Disc 1 is extended at its periphery on the 
side farther from casing 2 to form a flange 
21 which is shsaiped to provide an annular 
gutter 22. Close to the surface 23 on the 85 
reverse side of disc 1 is arranged a liquid 
feed box 24 over the end of which is sttidably 
mounted an- adjustable sleeve 25, die free edge 
26 of which is spaced by a narrow gap 27 
from the surface 23 cf disc 1. The liquid 90 
feed box 24 is provided with an inlet 28, 
and an outlet pipe 29 extends into the annular 
gutter 22. 

In operation, die disc 1 is rotated at ihigh 
speed by suitable means (not shown) such as 95 
by an electric motor cormeaed by belt and 
pulley to housing 3. Liquid reactant A is 7 
fed along channel ,11 in tube 9 and is imder 
pressure so that at port 13 there is main- 
tained a body of the liquid reactant A in 100 
contaa with the disc surface 16 over an 
area surrounding the centre of the disc The 
disc 1 rotated at high speed draws the liquid 
A out through the narrow gap 15 between 
the edge 14 of tube 9 and surface 16 and 105 
causes it to flow across tftie surface 16 of 
disc 1 as a thui, fast moving film under the 
mfluence of centrifugal forces arising from 
the motion imparted to the liquid by the 
fricdonal drag of die disc. 110 

The gaseous reactant B is fed along the 
passage 10 between tubes 8 and 9 and is 
passed out through port 17 into the space 
18 between disc 1 and casing 2. Here the 
gas which is now exposed to the liquid fikn 115 
moving over the disc surface 16 reacts with 
the liquid A. A very rapid and complete re- 
action is possible due to the intimate and 
substantial contact between the molecules of 
tihe gas and those of the fast moving liquid 120 
fihn. 

The liquid reaction product G on reaching 
the periphery of disc 1 flows circumferendally 
around the annular channel 20, is collected 
by pipe 19, and passes with considerabde 125 
kmetic energy along it and through passage 
12 between tube 8 and shaft 6. Any unreaaed 
gas is removed with the rcaaion product C. 

The heat of reaction is withdrawn from, or 
(where the reaction is endothermic) supplied 130 
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to, the reaction mixture by causing a heat 
transfer liquid D to flow on like surface 23 
of disc 1. This heat transfer liquid is fed 
through inlet pipe 28 into feed box 24 to 

5 maintain a body of liquid in contact with 
the surface 23 ctf the disc »! over an area 
surrounding the centre of the disc. The heat 
transfer -liquid is drawn out through gap 27 
'between the edge of sleeve 26 and surface 23 

10 otf disc 1 and flows rapidly as a thin film 
over surface 23. An inunediate and efficient 
heat transfer between the two liquids flowing 
ever the surfaces 16 and 23 of the disc 1 
is obtained. The iheat transfer liquid 3? on 

15 reacliing the edge of disc 1 flows circum- 
ferentiiajUy in the annular gutter 22 and passes 
out through ondet^ pipe 29 with considerable 
kinetic energy. 

The drawing also diows as an optional 

20 feature a stationary disc 30 attached to port 
17 and esctending through space 18 parallel 
to disc 1> leaving a g^ip 31 between ite peri- 
phery and casing 2 for passage of the reaction 
product to channel 20 and pipe 19. 

25 The following Example illustrates the use 
of the apparatus described above without the 
stationary disc 30. 

Example 

This Example concerns the sulphon'ation of 

30 a conunerciai alkylbenzene hydrocarbon of 
avera;ge molecular weight 245, whose a!Ikyl 
portion is jcssentially straight chain secondary 
alkyl, using a mixture oif sulphur trioxide 
vapotir and air tas sulphonating medium-. The 

35 disc 1 had a diameter of 12i inches and a 
thickness Oif 3/16 inch^ was constructed of 
mild steel, and was rotated at a speed oif 
1,540 revolutions per minute. The hydro- 
carbon was supplied at 20° C. and at a 

40 rate of 90 ib./hr. through pipe 9 of i inch 
diameter, the gap 15 between the end of tSie 
pipe and the disc surface 16 bdng 1/32 
inch. Ckyoling water at 20** Q was supplied 
in a similar manner to the reverse side 23 

45 otf the disc at a rate of 2,000 Ib./hr. A 
mixture of sulphur trioxide vapour and dry 
air in the ri^pective proportions of il:2 by 
vollume was supplied through passage 10 at 
a rate of 390 cu.ft-A^'- i^} S.T.P.) Sulphon- 

50' adon occurred on the disc sunface 16 and 
the material , left the apparatus at a tempera- 
ture in excess of 100** C. and was found on 
analysis to contain 93.7% of aUcylaiyl sulpho- 
nate together with imreacted alkylatyl hydro- 

55 carbons. Ite material obtained from the ap- 
paratus was as acceptable in respect of colour 
as that obtained from a conventional batch 
stirred-tank reactor. 

WHAT WE CLAIM IS: — 
€0 1. A process for chemically reacting a gas 
with a' liquid, which process comprises: feed- 
ing the ttiquKi reactant on to one surface oi a 
rapidly rotating disc oif a heat-conductive 



material so that the liquid reactant is spread 
across that surface in a fast moving ihin film= 65 
by CQptrifuigal forces arising from the motion 
imparted to the liquid reactant by the fric- 
tional drag of the disc; exposing the liquid 
film to the gaseous reactant to cause the gas 
and the liquid to react with one anodier; 70 
and, as the film flows across the disc of heat- 
conductive material, removing the exothermic 
h^t of reaction from, or supplying the endo- 
thennic heat of reaction to, the liquid film 
through the disc of heat-conductive material. 75 

2. A process as claimed in Claim 1, in 
which the liquid reactant is fed on to the 
rotating disc over the wihole of an area of 
the surface of the disc surrounding the centre 

of the disc. BO 

3. A process as claimed in Claim 1 or 
Qaim 2, in which the exothermic heat of 
reacdon is removed from, or the endothermic 
heat <jf reaction supplied to, the liquid film 

by causing a film of a heat transfer liqxiid 85 
to flow (across the side of the rotating disc 
opposite that across which lihe liquid reactant 
flows. 

4. A process as claimed in Claim 3, in 
which the heat transfer liquid is fed on to 90 
the rotating disc over the whole of an area 

off that surface surrounding the centre of the 
disc. 

5. A process as claimed in any preceding 
cliain, in whidi the reaction product is ool- 95 
lected from the periphery of the rotating 
disc. 

6. A process according to Oaim 5, in 
whidb the reaction product is collected from 

an annular channel at the periphery of the 100 
rotating disc by a pipe whose inlet is within 
the channel. 

7. A process as claimed in any preceding 
claim, in which the liquid reactant is fed <hi 

to the rotating disc through a passage in a 105 
stationary shaft arranged co-axially with the 
rotating disc. 

8. A process as claimed in Claim 7, in 
"ttlhidi the gaseous reactant is also fed through 

a passage in the stationary shaft. 110 

9- A process as claimed in Claim* 7 or 
Claim 8, in which the gaseous reactant is 
exposed to the fiilm of liquid reactant in a 
chamber defined by the rotating disc and a 
casing attached to the periphery of the disc. 115 
the casing beinj rotatably mounted on the 
stationary shaft, 

10. A process as claimed in any one of 
Claims 7 to 9^ in which the reaction product 

is collected from the periphery of the rotating 120 
disc and flows through a passage in the 
stationary shaft. 

11. A process as claimed in any preced- 
ing claim, in which the path of the gaseous 
reactant is confined to the surface of the film 125 
cf liquid reactant. 

12. A process as claimed in any preceding 
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ckim, in which the flow of gaseous reactant 
is CQncuirent with liic liquid reactant. 

13. A process as claimed in any preced- 
ing daim, in which tihe liquid reactant is an 

5 organic material and the gaseous reactant is 
sulphur trioxide. 

14. A process as claimed in Oaim 13, in 
which the organic material is a hydrocarbcm. 

15. A process as daimed in Qaim 14, in 
10 whidi the hydrocarlxHi is an alkylbenzene that 

on sulphonation gives rise to products having 
surface-aaive properties. 

16. A process for chemicaUy reacting a gas 
with a liquid substantially as herein described 

15 with reference to the accompanying drawing. 

17. A process for dhemically reacting a gas 
with a liquid substantially as herein described 
with referenioe to the Example. 

il8. A reaction product when obtained by 

20 a. process daimed in any preceding daim. 

19. Apparatus for chemically reacting a gas 
with a liquid, which comprises a rotatable disc 
of a heat-conducdve material, means ifor feed- 
ing a liquid reactant to the surface of one 

23 side of the disc and adjacent to its centre, 
so that when the disc is rotated the liquid 
reactant is spread across that surface in a 
fast moving thin film by centrifugal forces 
arising from the motion imparted to tlie liquid 

30 reactant by tihe frictional drag of the disc; 
means for feeding a gaseous reactant to the 
space adjacent to the surface of the disc on 
which the liquid film is formed for exposure 
of the liquid fHm to the gaseoois reactant, 

35 heat transfer means for removing heat from 
or sig>plying heat to the surfiace of the 
opposite side of the disc^ and means for 
collecting the rcaicdon product from the peri- 
phery of the disc, 

40 20. Apparatus according to Oaim 19, in 
which tibe means for feeding the liquid re- 
actant to the rotatable disc is arranged for 
the feeding of liquid over the whole of an 
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area cf the surface of the disc surrounding 
the centre of the disa 45 

21. Apparatus according to Claim 19 or 
Claim 20, in which the means for feeding 
the gaseous reactant includes a stationary 
disc arranged parallel with the roratable disc 

so as to confine the path of the gaseous rc^ 50 
aaant to the surface of tihe film of Hquid 
reactant. 

22. Apparatus according to Qaim 21, in 
which the means for feeding the gaseous re- 
actant is disposed for flow of the gaseous re- 55 
actant concurrent with the film of liquid 
reactant. 

23. Apparatus according to any one of 
Oaims 19 to 22, in which the heat transtfer 
means comprises means for feeding a heat 60 
transfer liquid to the surface of the opposite 
side of the rotatablle disc and adjacent to 

1^°^^ "^^^ IS rotated 

the beat transfer liquid is spread across that 
surface in a (fest moving thin film by centri- 65 
fugal forces arising from the motion imparted 
to the heat transfer liquid by the frictional 
drag of the disc. 

24. Apparatus according to Claim 23, in 
whidi; the means for feeding the heat transfer 70 
liquid to the rotatable disc is arranged for 

the feeding of liquid over the whole of an 
area of the surface of the disc surrounding 
the centre of the disa 

25. Apparatus according to any preceding 75 
claini, in which the means for collecting the 
reaction product comprise an annular charmel 

at the periphery of the rotating disc and a 
pipe whose inlet is within the channel. 

26. Apparatus for chemically reacting a gas 80 
with a liquid substantially as herein described 
with reference to the accompanying drawing. 

UNILEVER LIMITED, 

R. Jonas, 
Agent for the Applicants. 
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